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4UMMARY

Tests of two 10-foot Hamilton Sts+iard propellers were made in

the propeller-researoh tunnel for the Wreau of Aeronautics, Navy

Deparlanent,to determino the relativu uerits of the Clark Y and NACA

16-series seotions and to detenntie the neCative thrust available at

negative an~leso The pro~llers vmre idehtl.oalas to diameter,

activity factor, thickness ra~io and pitoh distribution. Tests

oovered a range of blade anfilesfrom -25° to 6$’, and were all made

at tip speeds below 280 feet wr second.

The resdts indicated c~.l:)~i-ativel~ 1ittle difference between

propellers at peak effioienry for the low Ikch numbers experienced

in the tunnel tests, The NACA ~6-series aeotiorisdisplayed earlier “

stalling oharaoteristics then th Clark Y section,

INTROD”~TION
. .

At the request of the Bureau of Aeronautics, Navy Department,‘

the tests reported herein were undertaken at the 20-foot propeller-.. . .

researoh tunnel, primarily to oompare the lWA 36-series blade

seotion wtth the Clark Y seoti.on. The Bureau of Aeronautiioswas

aleo interested in obtaining data In the negativw thrust range
. .

.

ap@ioable to ocquputationsof maneuvers of flying boats on water.
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This report givurrthe”l&ust and torque. . . # ohar@eri8tios of the

propellers through a ~ge of blade anglp setitingsf’rom.650to -25°

ati0.75 radius, dnd, for the negative an@es,. through the complete

V/nD range from V = O to nearly n ~ O.

These tuhnel’tests have been confined to low tip speeds. A

separate report oovers compressibilitymeasurements ~L6.deon the

statio whirl rig at high tip speeds.

APPARATUS AND HETMDS
.. ..

Propellers.- !30+hpropellers were approximately an Inoh greater

h diamter than ten feet.and have the blade-form oharaotoristios

shown in fi~re 1 aud the plnn-form of figurs 30

Propeller 62~yA:18 hao an NACA 16-series blade sootion through-

out (fi=~re 2), based on data from refersnoe 1. Blado seotions

from the 36 inch radius to the tip were laid out to a larger width

and then out off at the trailing edge with a radius of .015 inoh.

Propeller &@.4-18 has a true Clark Y section throughout.

Both propellers were tested in oonjunotion with a 28-inoh

diameter spinner on the streamline naoelle shown in figure 5.

Drlving meohanimn.- The propellers were driven by two 25-

horsepower electrio motors arranged in tandem. (See figure 6.)

The set-up was originally designed for tests of propellers in dual .

ntation and for that reason tho front motor-was direotly oonneoted
... .

to the front propeller? w.hilethe roar motor.drove tho rear propeller
. . ..

through ohains and a oountershaft. , For these tests t~ propeller

shafts were looked together, . .,
..
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‘‘-ooiib”in.htiloa.was mee@r6dm .ona tli~st balkn.oqlooe$ed on t$e,.flo,or..“

the test ohamber.. . “., - . :,,” : \ . .. :::.,

The torque of Saoh motqr W8s..pm?euredwi~ a aprlag~ls~ ..’

dynamometer. The motors rested on bearings oomentrio with the ..“

shaft axla, amdwere restrained from ro~ting. by spr@gs attqohed to

the fixed frame. The amount of deflection of the-mo~~ frsmes -s .

measured by Selsyn generator units and transmitted to Indicating

units on the floor.

Measurement of rotational speed was qadq wi~ a condenser .

tachometer developed by the NACA. Frequent ohecks on the aoouraoy .

of the instrument were nade by-means of a tuning fork and osoillograph.

the

per

..

The tunnel speed

mmimum “propeller

seoond rotational

The measured

of thrust, power,

..

ranged from O to about 110 miles per hour, and

speed was nnt over *O rpn, or about 287 feet
,

tip speed. “ .

RESULTS AND DISCUSSION

yalues,haw..beezareduqd to

and propulsive effioie~oy,

. .CT‘= effeotive thrimt

pn21#

% -“=55=”... . . .
CT. V ..
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for presen’tihg the reaul’bd. of tests at positive angles. The effeo-
. . .. ... ..

tlve”Iihtistis thb measured thrust”of the propelle~k~ ‘d.ti~.tiatl+on..

pltis the drag of the.%tiy alone●

feet, and ‘nW is the propeller

seoondg

‘Dn is the”progiel~erdianeter in

rotational speed in “revolutionsper “

Inthe negative thrust &n”ge at”,tiues of’ V/nD less than “

unity, the C06ffioients used have been CT and CQ where

CQ-* ~

andtaboveV/~ of unity, To and ~ have been used plotted

aga~st ~fi, where

,
efleotive thrust

To 0
P$$

%&

For the tor$ue coefficients C(-J and go, the aerodymmio torque~ Q,

is considered positive when the air reaction u-pm the propeller tends

to resist rotation.

One f’onnof the ooefficients may be ohanged to the other by “

multiplying or dividing by (V/nD)2.

LIST OF FIGU.HES

The results are given in the following figures:

7 to lZ Charaoteristio ourves for 6259A-18 (NACA 16 throughout)
..

12 to 16 Charaoteristio ourves for 6267A-18 (Clark Y throughout)

17 I?ACA 1.6and Clark Y propeller charaoteristio comparisons
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18 . Effloienoy envslops oomparleons .. . .
....... ... .. . .-,.-,..-. -.---— .

19 .. . Effio*enoy oomparieme i’oi oonetant “C; ? 0.2 .

20 Effioienoy ocmparisons for oonslmnt Cp = 0.4 .
n
-i
\ 21 ,Thruetratio oompar~~ons “ . . “
1

. . ..-

ne oharaoteristio ourves (stiefig. 17] have been adjusted to .

the equivalent angle of the CLark Y .Iilades,for three representnti&
.,

anglea● This is neoetiaitatedby the difference in the effeotive “
.

blade angles based on the assuued ohord linbs~ The figUrS iS a

comparison between the HACA 16 and Clark Y propellers, and indioates

a higher thrust, power, and Oonsetiuentlyef’fiqiency,in the range of
,.*.

take-off (0.3 (V~hll)laux@effo) for the Clark Y. The same figure

shows.well the delayGd stalling oharacteristio of the Clark Y as -

omnpared with the early stall of the”NACA 16. .

(comparisonof effioienoy pnvcdCJpech.u+ms(seo figure 18) shows

very little ohoioe btitweenpropellers. The data Indioates that

frcsnone to two peroent hiF#.ereffloiency T.=Erenllzed for the NhCA .

16 propeller at values nf
.

V/d “below 1.6”.””Above this valui of

V/. the Clark Y propeller varied from about the same to a little

more than 1 percent higher- The orossover of the envelope could be

aooounted for by ths faot that at the higher values of V/&Il the

lUIOA16 profilg was operating outside the rangs of lift ooeffiolonts “
.

for whioh it was designed. This is emm more apparent in figures 19

and 20, which show comparisons at oonstant power,

Lw- s-peedcomparisons of thrust in the range of take-off and

elfmb are shown in figure 21.



Thrust ratio comparisons at’eo+stant power in the M“gative

thrust range show very little differenoo between the two seotions. ‘

@NCLUDING ~S

These tests, whioh were made in a low speed tunnel, $ndioated

little difference in the maxima effloienoy for the twu propellers.

Obviously, the delayed oompreosibility oharaoteristics of the NACA

16-series seotions would not be expeoted to be made evident by these

tests, although they seem to aheok the results reported in referenoe 2.

The propeller with the NAOA 16-series seotion i~dioa+%d inferior

take-off oharaoteristioswhioh, however, might be overcxaneby the use

of larger blade areas, operation at higher tip &peds, or the use of

seotions designed for highgr values of CL ● The possible detri-
.

mental effeots of these alterations ray be offset by the lower drag

qualities of the seotion at high speeds.

Langley Memorial Aeronautical Laboratory,
National Adviaory Committee for Aeronautics,

Langley Field, Vs., August 20, lW .
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Figure 3.- Photograph showing plan form of the propeller blades testes.



Figure 4.- Photograph of testset-up.
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